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doi:10.1016/j.hkpj.2011.03.003Abstract Fall events and fear of falling increase with age in healthy and frail older people.
Fear of falling has been identified as a significant falls risk factor. The aims of this study were
to establish the interrater and test-retest reliability and predictive validity of the fear of falling
scale (FOFS). Sixty-nine subjects, 55 female and 14 male subjects, aged 65e97 years were
included. Subjects were asked to respond to the FOFS on three occasions to test interrater
and test-retest reliability. In the absence of a suitable comparative test for concurrent validity,
balance predictive formulae were developed and relationship to Functional Reach Test, Timed
up & go, and Step Test performance were compared. Intraclass coefficient (2,1) of interrater
and test-retest reliability was 0.96 and 0.94, respectively. The Cronbach a for the FOFS scores
collected ranged from 0.94 to 0.97. From the results of the multiple regression analyses,
prediction formulae for Functional Reach Test, Timed up & go test, and Step Test from the FOFS
scores were generated. These formulae then predicted balance performance by the subjects.
The interrater and test-retest reliability and the predictive validity of the FOFS were estab-
lished.
Copyright ª 2011, Elsevier. All rights reserved.Introduction
Falls among elderly people are a universal multifactorial
problem that are often precipitated by factors encom-
passing intrinsic age-related physiological changes,f Physiotherapy, School of
he University of Queensland,
om (S.L. Kuo).
ight ª 2011, Elsevier. All rights reincluding decline in vision, disease states, side effects of
medications, and extrinsic factors, such as environmental
hazards, faulty walking aids, multifocal spectacles, and
unsuitable footwear [1e3]. About one-third of the pop-
ulation older than 65 years of age experience at least one
fall each year [4e6].
Fear of falling (FOF) has been identified as a significant
falls risk factor in previous studies [7e10]. FOF was also
reported to be a predictor for recurrent falls [11,12]. Asso-
ciation between falls and FOF has been reported among
Chinese older primary-care patients in Hong Kong [13].served.
3There are numerous existing scales available for
measuring FOF, such as the Falls Efficacy Scale (FES) [14],
the Survey of Activities and Fear of Falling in the Elderly
[15], the Expanded FES [16], and the FES-International
(FES-I) [17]. Yet, all of these were developed with refer-
ence to the specific life style in their Western countries of
origin. As there was no FOF scale (FOFS) that addressed the
specific life style and living environment of Hong Kong, an
exploratory study [18] was conducted to develop such
a scale. The FOFS developed comprised 10 tasks (Appendix
1) that were refined by consultation with community focus
groups and two expert panels from the original 14 items of
daily tasks pertinent to the Hong Kong life style. The
translated Chinese version of the FOFS is included in
Appendix 2.
The second phase in development of the new FOFS
requires testing of its reliability of application and validity
as a measure of FOF. Validity testing needs to determine
whether the tool truly measures FOF. To do this, most new
scales are compared with a measure known to provide this
information reliably. To date, there is no existing valid
scale for measuring FOF among elderly people, which
includes the common daily tasks specific to the living
environment and life style in Hong Kong. Because there is
no suitable “gold standard” to compare the new FOFS to
the establishment of concurrent validity of the new FOFS in
this manner was not possible. Therefore, a surrogate
method of assessing concurrent validity was sought.
Previous studies have revealed a close association
between FOF and balance ability of elderly individuals
[19e21]. Based on this assumption, it is postulated that
elderly people with impairment of balance would have
more FOF when performing anticipatory balance tasks that
are dynamic in nature. Therefore, it is suggested that
elderly people who have higher scores on the new FOFS
(indicating greater FOF) might also have poorer perfor-
mance on tests of balance ability. To test predictive val-
idity, the scores of the new FOFS were used to develop
a predictive formula for performance on three chosen
balance tests. The accuracy of these predicted balance
tests scores was then determined. In the future clinical
application of the FOFS, the score gained by the patient
would be used to predict balance performance using the
formulae generated by this work. Subjects whose predicted
balance test scores were worse than the documented
normative values would then be referred for further fall
risks evaluation. Hence, in establishing the predictive val-
idity of the newly developed FOFS, it was vital to choose
balance tests, which could reflect the balance ability and
falls risk of the elderly people in Hong Kong.
The choice of the clinical balance tests to be used in the
establishment of the predictive validity of the new FOFS
was crucial. Of paramount importance, the balance tests
chosen against which the new FOFS would be tested must
have established validity and reliability. Based on literature
evidence and all of the Hong Kong specific life style, three
physical tests of balance were identified as most appro-
priate to be used in this study. They included the Step Test
(ST) [22], Timed Up and Go (TUG) Test [23], and the
Functional Reach (FR) Test [24]. The validity and reliability
of these three tests have been well established in previous
studies. Comparative normative values are available forTUG test [23,25e28], ST [22,27e30], and FR test
[24,27,28,30] in various age groups have been documented
in previous studies.
The TUG has been shown to be a useful test for identi-
fying elderly subjects with impaired dynamic balance and
also found to be a reliable predictor of falls [25,31,32]. It
was also used to discriminate fallers from nonfallers in
older people [33,34]. In a recent study, the TUG test has
been demonstrated to be a useful prognostic tool to iden-
tify the potential fallers amongst the elderly [35]. The ST
has been shown to be a valid test for screening for falls in
community-dwelling elderly [36,37]. In a prospective study
in which subjects were followed up after the initial
assessment, the ST was shown to be able to predict falls
among healthy community-dwelling older women [29]. FR
has been shown to be able to discriminate between fallers
and nonfallers and also to predict falls among elderly
people [30,32,36,38]. Thus, these three tests of anticipa-
tory balance fulfil the requirements for determining validity
of the new FOFS. The three tests are very safe to perform
under controlled conditions.
This study aims to show interrater reliability, test-retest
reliability, and predictive validity of the new FOFS through
the development of predictive formulae for balance
performance as determined by FOFS score.
Methods
Study design
This is an exploratory study to determine reliability through
cross-sectional interrater and repeated measures compar-
ison of FOFS application and whether prediction formulae
can be generated from the FOFS that accurately predicts
performance of the three balance measures.
Subjects
Potential subjects were recruited through community
centres in different suburbs in Hong Kong. Inclusion criteria
were independent ambulation (able to walk with or without
a stick) in the community, no serious past or existing
medical conditions that might impair daily function, and
normal cognitive function screened by the mini-mental
state examination [39]. Informed consent was obtained
from all subjects, and ethical approval for the study was
granted by the Medical Ethics Committee of The University
of Queensland, Australia.
Data collection
All the test sessions were conducted in the local community
centres for senior citizens in Hong Kong. Each test session
was scheduled for 1 hour per subject. The test session
began with documentation of subjects’ personal informa-
tion. These data included age, history of falls over the
previous 2 years, number of chronic diseases, activity level,
dizziness, vision, use of walking aid, and living situation.
History of falling in the last 2 years was documented by
asking subjects to recollect the number of falls in the last 2
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diseases (hypertension, diabetes mellitus, arthritis
affecting lower limb joints, and pulmonary disease) that
the subjects had been diagnosed with were recorded and
the number of conditions used in the analyses. The level of
subjects’ physical activity and intensity was also docu-
mented using the scale developed by Hirvensalo et al [40].
The FOFS was tested for reliability in addition to
predictive validity in this study. In each test session, apart
from the investigator of this study (Rater 1), there was also
a research assistant (Rater 2) for the new FOFS. Most
elderly people in Hong Kong have no formal education in
their youth, so they were unable to read the written
instructions of the FOFS. Therefore, the delivery of the
FOFS required the tester to read out the items, one by one,
to the subject and asked the subject to choose a score on
the 11-point scale to represent their extent of FOF when
performing the task. A training session was conducted by
Rater 1 to brief the research assistant on the proper way of
reading out the FOFS items to the subjects. The proper way
to read out the items to subjects was taught and practised
by asking Rater 2 to read out the items. The tasks were read
to the subjects in colloquial Cantonese, which is slightly
different from the written Chinese format used in the FOFS.
Rater 2 was instructed not to give any personal opinions to
subjects when they were responding to the FOFS items.
To establish interrater reliability of the new FOFS,
subjects were asked to respond to the FOFS twice within the
test session before they took part in the balance testing and
also after they had completed all the balance testing. To
avoid bias of results, the order of having Rater 1 or Rater 2
administer the FOFS before or after balance testing was in no
specific order. Subjects were also asked to come back 2 days
after the test session to respond to the FOFS again with Rater
1. In this way, the test-retest reliability of the new FOFS
could be established by comparing the FOFS score collected
by Rater 1 on the day of the test session with the FOFS score
obtained on the second occasion when the subjects returned
to the centres 2 days after the initial test session.
After completing the Chinese version of the 10-item
FOFS (Appendix 2), subjects undertook the three balance
tests. Considering the possibility of exertion with a few
tests in a row, the order of the balance tests was scheduled
carefully according to the level of exertion. FR Test [24]
was placed as the first as it was the least demanding test.
It was followed by the TUG Test [23], which was a bit more
demanding. The Step Test [22] was the most demanding and
so was tested last. The order of the tests was placed in such
a manner so as to avoid overexertion of subjects even at
the early phase of the test session. Because the subjects
were elderly, they were allowed to sit down and have a rest
between each of the balance tests.
Balance testing
The FR, TUG, and ST were performed in this order and in
accordance with the reliable and validated procedures
reported by Duncan et al [24], Podsiadlo and Richardson
[23], and Hill et al [22], respectively. The mean perfor-
mance of three trials of the FR (right arm only), TUG, and
ST (right and left legs) was recorded. Rests of between 1and 5 minutes were given between each trial on each test
and in the order of least to most effort for performance to
ensure any fatigue effect was minimised.
Statistical analyses
All statistical analyses were performed using SPSS 15.0 for
Windows (SPSS Inc., Chicago, IL, USA). Intraclass correla-
tion coefficient (ICC) (2,1) was used to demonstrate inter-
rater and test-retest reliability. The internal consistency of
responses on the FOFS scores collected by Rater 1 and Rater
2 were analysed separately using Cronbach a.
The first stage of determining predictive validity of the
new FOFS was established using multiple regression anal-
yses conducted to see if the FOFS scores and other inde-
pendent variables (IVs) could predict the scores of the
three balance tests. The FR, TUG, and ST score might be
affected by any of the IVs which included FOF, age, gender,
history of falling, use of walking aids, vision status, activity
level, dizziness, and number of chronic diseases. To
explore this possibility, linear regression analysis was con-
ducted using each of the IVs to predict the FR, TUG, and ST
test score. The balance test score was the dependent
variable (DV) to be predicted. Although the IVs (except
FOFS and age) were either dichotomous or categorical
variables, SPSS could accommodate these variables to
conduct linear regression analyses. A prediction formula for
each of the three balance score was generated from the
multiple regression analyses. The first criterion to fulfil
when using regression analyses was that the variables
included in the analyses must have normal distribution
[41]. To establish normality of the variables, the scores of
the FOFS, FR, TUG, and ST were explored using the func-
tion of “normality check” in SPSS statistic programme [42].
Normality of the data is established if the significant value
of the normality (Kolmogrov-Smirnov) test result is greater
than 0.05 [43]. The second criterion to fulfil for applying
linear regression analysis was that the relationship
between the predictor variable (IV) and the variable to be
predicted (DV) must be linear. In this study, the IVs were
FOFS, age, gender, history of falling, walking aids, vision
status, presence of dizziness, activity level, number of
chronic diseases, and living situation. The DVs were FR,
TUG, and ST (right) and ST (left). Pearson’s product-moment
correlation analysis was conducted to examine the linearity
between the FOFS scores and the three balance tests scores.
Linear regression analysis will be conducted with each of the
IVs, including FOF, age, history of falling, gender, living
situation, use of walking aids, number of chronic diseases,
presence of dizziness, and vision, as predictor to see if the
balance score can be predicted for the FR, TUG, and ST
balance scores (DVs). Because of the relatively small sample
in this study, 0.15 was used instead of 0.05 as the significant
regression value. The guidelines concerning the number of
cases required for multiple regressions [44] recommends
about 15 subjects per predictor to generate a reliable
prediction equation in doing multiple regressions. The
sample size of this study is 69. Therefore, up to four IVs could
be chosen to be included in the multiple regression analyses
to generate a prediction formula for each of the three
balance scores. The score of the FOFS was one of the four IVs
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prediction of the three balance scores. Up to three other IVs
with the lowest regression significance value will be selected
if p value is less than 0.15.
Results
The four centres participating in this study were located in
four different suburbs with government public housing
estates. Sixty-nine subjects, 55 female and 15 male, aged
65 years and older were recruited from the four community
centres. They were allocated to attend a 1-hour individual
test session at their own local community centre.
Sixty-nine subjects were aged from 65 years to 97 years
with mean age 77.4 and standard deviation 6.85 years. The
demographic and epidemiological data, including the
history of falls, number of chronic diseases, activity level,
presence of dizziness, visual impairment, use of walking
aid, and living situation are presented in Table 1.
1. Establishment of reliability
The FOFS scores of the 69 subjects obtained by Rater 1
and Rater 2 were compared. Results of the analyses showed
that the ICC(2,1) of interrater reliability of the FOFS wasTable 1 Demographic and epidemiological characteristics
of subjects
Demographic and epidemiological variables n (%)
Number of falls
0 41 (59.4)
1 28 (40.6)
Number of chronic conditions
0 16 (23.2)
1 32 (46.4)
2 13 (18.8)
3 8 (11.6)
Living situation
Alone 12 (17.4)
Family 57 (82.6)
Activity level (range 1e6)
1 2 (2.9)
2 11 (15.9)
3 25 (36.2)
4 20 (29)
5 11 (15.9)
6 0
Walking aids
None 46 (66.7)
Single stick 23 (33.3)
Vision
None 45 (65.2)
Impaired 24 (34.8)
Dizziness
None 48 (69.6)
Occasional 21 (30.4)
Constant 00.96. The initial FOFS scores obtained by Rater 1 were
compared with the FOFS scores obtained by the same rater
(Rater 1) 2 days after the initial test to calculate the test-
retest reliability. Results of the analyses using ICC(2,1)
showed that the test-retest reliability was 0.94.
The Cronbach a for the FOFS scores collected by Rater 1
was found to be 0.97 and 0.94 for Rater 2, thereby
demonstrating excellent internal consistency of responses.
2. Establishment of predictive validity
Results of normality analyses showed the scores of FOFS,
age, FR, TUG, and FR were all of normal distribution.
Therefore, the regression analyses could continue. Also
results of correlations between the IVs and DVs showed that
all correlations were of very high values (r) and they were
all significant at the level of p 0.001 (two tailed). The
high r-values indicated that there was strong correlation
between FOFS and the three balance test scores. The
correlation coefficients are presented in Table 2.
Scatter plots were also drawn to show the relationship
between FOFS and each of the three balance scores, which
included FR, TUG, and ST (R) and ST (L). The scatter plots
all showed linear relationship. Scatter plot between age
and the balance scores also showed a linear relationship.
Hence, the linear relationship between the FOFS, age, and
the balance variables was established and linear regression
analyses were allowed.Balance test performance
The performance of the subjects for the FOFS and balance
tests is presented in Table 3.
1. Prediction of FR
The results of linear regression (with FR as the DV; FOFS
and other variables as IVs) showed that only FOFS, age and
number of chronic diseases had significant regression values
less than 0.15. Therefore, FOFS, age, and number ofTable 2 Correlation matrix showing correlations between
FOFS, age, FR, TUG, and ST (right) and ST (left)
Age FR TUG ST
(right leg)
ST
(left leg)
FOFS
Pearson
correlation
0.533* 0.842* 0.853* 0.861* 0.879*
Significance
(two tailed)
0.000 0.000 0.000 0.000 0.000
Age
Pearson
correlation
1 0.403* 0.581* 0.637* 0.643*
Significance
(two tailed)
0.001 0.000 0.000 0.000
FOFSZ fear of falling scale; FRZ functional reach; STZ step
test; TUGZ timed up and go.
* Correlation is significant at the 0.001 level (two tailed).
Table 3 Performance on FOFS and balance tests
Mean (SD) Range
FOFS 50 (11.2) 23e70
FR test (cm) right arm 27.9 (3.7) 20e35.3
TUG (sec) 10.5 (2.1) 6.9e15.9
ST (number of steps), right leg 10.17 (2.7) 5e16
ST (number of steps), left leg 10.26 (2.8) 5e16
FOFSZ fear of falling scale; FRZ functional reach; SDZ stan-
dard deviation; STZ step test; TUGZ timed up and go.
Table 5 Coefficients table of TUG regression
Unstandardised coefficients
B Standard
error
t Value Significance
Constant 1.841 1.736
FOFS 0.137 0.014 9.839 0.000
Age 0.048 0.022 2.135 0.037
Walking aid 0.672 0.293 2.295 0.025
Dependent variable: TUG; predictor variables: constant, FOFS,
age, and walking aid.
FOFSZ fear of falling scale; TUGZ timed up and go.
Table 6 Coefficients table of ST (right leg) regression
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analysis to predict FR. However, results of the multiple
regression analysis showed that the number of chronic
diseases had a nonsignificant regression value of 0.169 and
the regression value of age was 0.356 (which were greater
than 0.15). Hence, the number of chronic diseases and age
were not included in the multiple regression analysis to
generate a prediction formula for FR. Therefore, only FOFS
was entered into the regression analysis to generate the
prediction formula for FR.
Predicted FRZ40:262 ð0:277 FOFSÞ
where 40.262 was the intercept of the prediction curve and
so is placed into the prediction formula of FR as the
“constant” value.
The unstandardised coefficient of FOFS in Table 4 was
0.277. This coefficient indicated the contribution of the
variable in the prediction of FR. The significance value of
the FOFS in Table 4 was 0.000, which indicated FOFS was
making a significant contribution to the prediction of FR.
2. Prediction of TUG
The results of linear regression (with TUG as the DV;
FOFS and other variables as IVs) showed that FOFS, age,
walking aid, and number of chronic diseases had significant
regression values less than 0.15. Therefore, FOFS, age,
walking aid, and number of chronic diseases were entered
into the multiple regression analysis to predict TUG.
However, results of the multiple regression analysis showed
that number of chronic diseases had a nonsignificant
regression value of 0.57. Hence, the number of chronic
diseases was not included in further regression analyses to
generate the prediction formula of TUG. The prediction
formula was generated by multiple regression analysis using
FOFS, age, and walking aid as predictors.
Predicted TUGZ1:841þ ð0:137 FOFSÞ þ ð0:048 ageÞ
 ð0:672walking aidÞTable 4 Coefficients table of FR regression
Unstandardised coefficients
B Standard error t Value Significance
Constant 40.262 1.004
FOFS 0.277 0.022 12.77 0.000
Dependent variable: FR; predictor variables: constant and FOFS.
FOFSZ fear of falling scale; FRZ functional reach.(Note: “use of walking aid” was denoted as “1” and “no
walking aid” was denoted as “2”), where 1.841 was the
intercept of the prediction curve and so is placed into the
prediction formula of TUG as the “constant” value.
The unstandardised coefficient of FOFS in Table 5 was
0.137. This coefficient indicates the contribution of the
FOFS in the prediction of TUG. Likewise, the unstandardised
coefficient of age (0.048) and walking aid (0.672) indicated
the contribution of age and walking aid in the prediction of
TUG. The significance value of the FOFS, age, and walking
aid in Table 5 were 0.000, 0.037, and 0.025, respectively.
They indicated FOFS, age, and walking aid were making
significant contribution to the prediction of TUG.
3. Prediction of ST
The results of linear regression (with ST as the DV; FOFS
and other variables factors as IVs) showed that FOFS, age,
and walking aid had significant regression values less than
0.15. Therefore, FOFS, age, and walking aid were entered
into the multiple regression analysis to predict ST.
However, results of the multiple regression analysis showed
that walking aid had a nonsignificant regression value of
0.299 for predicting ST (left) and 0.36 for predicting ST
(right). Hence, walking aid was not included in the
prediction formula of ST.
The prediction formula was generated by multiple
regression analysis using the FOFS and age as predictors to
predict ST score. A prediction formula was generated for ST
(R) with information provided in the coefficients table
(Table 6). The regression significance value of FOFS and age
were both 0.000, which was less than 0.15. The ST (R)
regression analysis was considered significant statistically.Unstandardised coefficients
B Standard
error
t Value Significance
Constant 25.741 1.794
FOFS 0.177 0.016 10.828 0.000
Age 0.099 0.027 3.693 0.000
Dependent variable: ST (right leg); predictor variables:
constant, FOFS, and age.
FOFSZ fear of falling scale; STZ step test.
Table 7 Coefficients table of ST (left leg) regression
Unstandardised coefficients
B Standard
error
t Value Significance
Constant 26.453 1.721
FOFS 0.188 0.016 12.005 0.000
Age 0.01 0.026 3.908 0.000
Dependent variable: ST (left leg); predictor variables: constant,
FOFS, and age.
FOFSZ fear of falling scale; STZ step test.
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regression analysis.
Predicted STðRÞZ25:741 ð0:177 FOFSÞ  ð0:099 ageÞ;
where 25.741 was the intercept of the prediction curve and
were placed into the prediction formula of ST (R) as the
“constant” value.
The unstandardised coefficient of FOFS in Table 6 was
0.177. This coefficient indicates the contribution of the
FOFS in the prediction of ST (R). The unstandardised
coefficient of age was 0.099 and indicated the contribu-
tion of age in the prediction of ST (R). The significance
values of the FOFS and age in Table 6 were both 0.000. They
indicated FOFS and age were making significant contribu-
tion to the prediction of ST (R).
A prediction formula was generated for ST (L) with
information provided in the coefficients table (Table 7).
The regression significance value of FOFS and age were both
0.000, which was less than 0.15. The ST (L) regression
analysis was considered significant statistically. The
following formula was generated according to the regres-
sion analysis.
Predicted STðLÞZ26:453 ð0:188 FOFSÞ  ð0:1 ageÞ;
where 26.453 was the intercept of the prediction curve and
was placed into the prediction formula of ST (L) as the
“constant” value.
The unstandardised coefficient of FOFS and age in Table
7 were 0.188 and 0.1, respectively, which indicated
their contribution in the prediction of ST (L). The signifi-
cance values of the FOFS and age in Table 7 were both
0.000. They indicated FOFS and age were making significant
contribution to the prediction of ST (L).
Results of the regression analyses using FOFS to predict
FR, TUG, and ST showed all the regressions were significant
and prediction formulae were generated to predict FR,
TUG, and ST from the FOFS score. Hence, the predictive
validity of the FOFS was established.
Discussion
The establishment of intertester reliability of the FOFS was
important to ensure consistency of application because in
the administration of the FOFS, the tester would read the
items to subjects and ask subjects to respond accordingly.
The ICC of the test-retest reliability of the FOFS was foundto be 0.94. It implied that the FOFS was a very reliable tool
to evaluate the FOF. Test-retest reliability might also be
affected by the psychological state of subjects with
responses affected by crises happening to them or their
family members between times of application of the test.
For example, acute onset of illness, accidents, or the death
of family members could have a negative influence on mood
and emotion. If elderly people encountered such crises,
they might become very anxious or depressed. These
emotions could significantly affect FOF. It was reported
that depression and anxiety were strongly associated with
the FOF in elderly people [12]. Neuroticism was also found
to have close association with FOF in elderly women [45].
Not collecting information regarding depression and anxiety
from subjects in this study might be considered a limita-
tion. It is suggested that assessment of depression and
anxiety in subjects be included in clinical practise or future
studies, especially in longitudinal studies, which involve
evaluation of FOF over a period of time so as to account for
potential influence on responses.
The ICC for inter-tester reliability was 0.96, thereby
showing excellent intertester reliability of the FOFS.
Another aspect of reliability of the FOFS examined was
internal consistency. For a scale with 10 items, such as the
FOFS, a Cronbach a value of at least 0.7 was considered
good ([30] p 90). The Cronbach a coefficient of the FOFS
scores collected by Rater 1 and Rater 2 was found to be
0.97 and 0.94, respectively. Hence, the FOFS could be
considered to have very good internal consistency.Interpretation of the balance test results
and the process of validation of the FOFS
FR results
Previous studies have reported normative values of FR of
different age ranges. The normative FR values documented
ranged from 34.13 cm [27] in the age range of 70e79 years
to 26.67 cm [24] in the age range of 70e87 years. The
overall FR range of subjects in this study was
20 cme35.3 cm with a mean of 27.9 cm in the age range of
65e97 years. For this reason, direct comparison of the FR
results of this study and those of previous studies was not
feasible because of the difference in age range. The FR
values of this study seemed to be of lower values when
compared with those of previous studies possibly because
of the comparatively shorter stature of Chinese. The FR
values reported in previous studies were gathered from
Caucasian subjects. In general, Chinese population are not
as tall as the Caucasian population of similar age and
gender. Subjects who were taller would be able to reach
further with the same angle of bending of the trunk,
thereby achieving a higher FR score. Up to date, there was
no data available for comparison of FR data among the
Chinese population and population of other Asian countries.
TUG results
Previous studies [23,25e27] have reported normative
values of TUG of different age ranges of elderly people
living independently in the community. The normative TUG
values, ranged from 8.42 [25] to 8.54 [27], were reported
by most of the studies in the old age range of 60e80 years.
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reported in these studies. Hence, the overall (with faller
and nonfallers combined) mean and range of TUG of this
study was compared with the normative TUG in previous
studies. The overall range of TUG from the results of this
study was found to be 6.9e15.9 seconds and the overall
mean TUG was 10.5 seconds. The longer time taken to
complete the TUG test was consistent with the findings of
another study [34], which reported a normative TUG value
of 13.05 seconds in the age group of 65e86 years. The
difference in the TUG results of this study and most of the
previous studies could be attributed to the older age
range, 65e97 years, of subjects in this study. The use of
walking aids was not documented in these previous
studies. It can only be assumed that subjects in these
studies did not use walking aids, whereas in this study,
about one-third (33.3%) of the subjects had to use walking
aids during ambulation (Table 1). Subjects who used
walking aids did not necessarily have a slower walking
speed. However, it could be postulated that subjects who
needed to walk with walking aids were more likely to have
a lower level of balance ability or slower walking speed.
Hence, the time taken for subjects with walking aids to
complete the TUG test might be longer than those who did
not need to use aids.
ST results
Normative ST values for different age ranges of healthy
elderly people have been documented in previous studies.
Normative ST was reported to be 16 steps with 7.5 cm block
in 15 seconds [29] in subjects aged from 65e86 years. In
another study, normative ST was reported to be 13.73 steps
in 15 seconds [27]. However, an 8.5-cm block was used
instead of 7.5 cm in a study by Isles et al [27]. It could be
postulated that the higher the block, less number of steps
could be achieved in a set time. This could explain why the
ST normative of study by Isles et al [27] was less than that
of study by Hill et al [29].
The normative ST values for community-dwelling elderly
subjects using 15 cm block for 15 seconds was reported to
be 15.6 steps for nonfallers and 13.9 steps for fallers aged
65e86 years [30]. In this study, subjects were also tested by
using a 15-cm block for 15 seconds. The comparison of ST
results in this study with the results of study by Brauer et al
[30] revealed similar findings. The lower end of ST range in
this study was 5 and the upper end was 16 for both legs in
a group including fallers and nonfallers. The upper end of
the range in this study was comparable with the normative
ST of 15.6 steps (for nonfallers) reported in study by Brauer
et al [30]. Direct comparisons of the ST results of this study
with results of previous studies were not possible as age
was not stratified in this study because of the relatively
small sample size. Also, only the study of Brauer et al [30]
was using 15 cm block. The other studies [27,29] were using
a lower block.
The discrepancy between the results of balance test
results found in this study and those of previous studies
could be due to the relatively smaller sample size of this
study and the wider age range of subjects. Another possible
reason might be the difference in physical ability of
subjects. In previous studies, the usual level of activity ofsubjects was not documented clearly. In this study, more
than 50% of subjects were doing walking or outdoor activ-
ities one to several times a week. Hence, the physical
status of subjects in this study might not be similar to that
of previous studies. Although there were discrepancies in
the findings compared with previous studies, results of this
study could serve as a performance reference for future
studies using the new FOFS on a larger sample and also with
a nonstratified age group.
Four prediction formulae were generated to predict the
balance test scores of FR, TUG, ST (R), and ST (L) from the
FOFS score and other predictor variables with respect to
each prediction formula. This exercise proved successful in
that the balance scores were predicted accurately for
subjects. In future clinical practise, after the FOFS score is
obtained from a subject, the balance test (FR, TUG, and ST)
scores might be predicted by entering the FOFS score into
each of the four prediction formulae. The predicted
balance test scores thus generated would then be
compared with documented normative values of FR, TUG,
and ST from previous studies. Subjects would then be
referred for further physical assessment and evaluation of
falls risk if their predicted balance test scores were not
normal for age or gender-referenced normative values.
Limitations and recommendations
As most elderly people in Hong Kong could not read the
content of the FOFS, the leading question and each of the
tasks had to be read to subjects by the rater who adminis-
tered the FOFS. To overcome possible inconsistencies in
administration, a standardised way of administration would
need to be adopted for future studies as was tested here. In
the training session provided to the potential testers of the
FOFS, the leading question and each of the tasks could be
recorded in Cantonese onto a compact disc. This would help
to ensure accuracy and reliable administration of the FOFS.
Another limitation of this study was that in evaluating
the intertester and test-retest reliability, there was the
likelihood that subjects remembered their responses. This
was a drawback that the investigator of this study had not
identified. One possible way to minimise this memory
effect could have been to prepare two sets (Set A and Set B)
of the FOFS questionnaire. The order of the 10 tasks could
have been arranged differently on each. Those subjects
who were given Set A of the FOFS first would be given Set B
of the FOFS second and vice versa. With the order of the
tasks arranged differently, the chance of subjects remem-
bering their score to each task might have been lessened.
Future studies using the FOFS should include larger
sample sizes to ensure statistical power and also to encom-
pass the frailer members of community to enable general-
isability of results to a broader community. Normative data
is needed from Asian communities for balance tests, as
currently only limited age-related Caucasian normative data
are available.
In conclusion, the FOFS is a simple paper instrument,
which can be administered in about 20 minutes. It was not
mandatory for physiotherapists only to administer the FOFS
test. Staff in the community centres could administer the
FOFS after receiving training to administer the FOFS
9properly or by using the CD recommendation. This would
increase the efficiency of FOFS administration and reduce
potential costs. The FOFS could be considered a very
practical tool to be used for preliminary fall screening of
potential fallers among community-dwelling elderly
people. The FOFS contained only 10 task items, so it was
not likely to impose undue response burden on elderly
people. Therefore, as a falls prevention screening initia-
tive, it would be feasible for elderly people to complete the
FOFS in the community centres they attend. Subjects who
have predicted balance scores (calculated according to the
prediction formulae) worse than the documented norma-
tive values might then be referred to physiotherapists for
further physical evaluation and/or fall interventions.
Future studies can be conducted to further explore the
applicability and validity of the FOFS in fall screening
among other subgroups of elderly people, such as those
who are frailer but still living at home. This study would
also serve as pilot work for developing further studies in
various countries where life style and living environments
are similar to that of Hong Kong. Further cross-cultural
collaborative research work would lead to a better under-
standing of FOF among the old people in Hong Kong, China,
and other Asian countries.
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